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DEPOSITION OF SPUTTFJ^FD M ATE RIAi.^TO A STTBSTRATE AND 
METHODS OF MAKING THE SAME _ 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Hie benefit of prior U.S. Provisional Application No. 

60/410,751 filed September 13, 2002, U.S. Provisional Application No. 
60/456,193 filed March 20, 2003, and U.S. Provisional Application No. 
60/460,867 filed April 7, 2003 is hereby claimed 



BACKGROUND OF THE INVENTION 

Field of Invention 

[0002] This invention relates to non-planar sputter targets 

having crystallographic orientations promoting miiform deposition of sputtered 
material onto a substrate and methods of making the same. 

Description of Related Art 

[0003] Cathodic sputtering is widely used for depositing thin 

layers or films of materials fi-om sputter targets onto substrates. Basically^ a 
cathode assembly including the sputter target is placed together with an anode in 
a chamber filled with an inert gas, preferably argpn. A substrate is positioned in 
the chamber near the anode with a receiving surface oriented normal to a pafli 
between the cathode assembly and the anode. A high voltage electric field is 
applied across the cathode assembly and the anode causing electrons to eject 
firom the cathode assembly and ionize the inert gas. The positively charged ions 
of the inert gas are then propelled against a sputtering surface of the sputter target 
due to the electric field. The ion bombardment against the sputtering surface of 
the target causes portions of the material of the sputtering surface to dislodge 
fi-om the sputter target surface and deposit as a thin film or layer on the receiving 
sur&ce of the substrate at an opposite end of the chamber. 

[0004] Recently, non-planar sputter targets have been developed 

to provide improved sputtering and deposition uniformity. For example, open- 
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ended ciq>-shaped hollow cathode magnetron (HCM) sputter targets have been 
developed, as disclosed in US Patent No. 6>4 19,806 of common assignment 
herewith, the disclosure of which is incorporated herein by reference. These cup 
or pot shaped targets are generally comprised of a higih purity metallic material as 
die target sur&ce and are typically formed from well-known metal-working 
operations such as hydroforming. The closed end of the cup-shaped target 
comprises a dome. Sidewalls extend from the dome to an open end of the target 
The application of heat and other manipulations that may be used to form the 
cup-shaped targets often cause changes in the microstructure or ciystallogriqphic 
orientation of tiie materials comprising tiie sputter target surfiice. Such changes 
may adversely affect the deposition of sputtered materials onto the substrate. 

[OOOS] A need in the art exists for methods of making sputter 

targets of desired crystallographic orientation and for targets made by such 
methods wherein the targets, upon sputtering, result in improved coating 
uniformity. 

SUMMARY OF THE INVENTION 

[0006] This invention provides a non-planar sputter target 

having ciystallographic orientations in the sputter target surface that promote 
more desirable deposition and density patterns of material sputtered fix>m the 
tar^t sur&ce onto a substrate. An exemplary embodiment of this invention more 
specifically provides a pot or bowl-shaped sputter target of the type shown in US 
Patent 6,419,806 and having a substantially planar end wall, or dome, at a closed 
end of the target Sidewalls are connected to the dome and extend from die dome 
to an open end of the target An inner sur&ce of the dome and sidewalls form the 
sputter sur&ce of the target, wherein the dome portion has a first crystallographic 
orientation and the sidewalls have a second cty5tallogrq)hic orientation different 
than the first 

[0007] According to one exemplary embodiment of the 

invention, a flat blank of a target surface material is provided and manipulated 
into a desired target shape by hydroformmg. The flat target surface material is 
preferably comprised of a high purity metal selected from the group consisting of 
titanium, copper, tantalum and alloys thereof. The use of a single layer blank of 
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material requires less material than prior plural layer targets have required, and 
requires less processing time to shape the single blank into the desired sh^. 
Thus, a more reliable and cost-effective non-planar sputter target is produced in 
less time according to the invention. 

[0008] Alternatively, a plurality of layers of materials may be 

used to form the target, provided the desired ciystallographic orientations of the 
sputter target surface and target shape are achieved. Various embodiments of the 
invention provide a flat blank of backing plate material adjacent the target surfsuse 
material. Hie adjacent layers of materials are similarly manipulated by 
hydroforming to achieve the desired target shape and target sur&ce orientations. 
Still otber embodiments of flie invention may comprise interlayers between the 
backing plate and target surface layers. In Bxsy event, the backing plate material is 
preferably a malleable, low purity metal selected from the group consisting of 
aluminum, copper, steel, titanium and alloys thereof. 

[0009] In a particularly preferred exemplaiy embodiment of the 

invention, the material comprising tiie target surface is tantalimi. Manqiulation 
of the target surface material, preferably by hydroforming, into a desired shape 
alters the crystallographic orientation of the target surface. In the case of a 
tantalum target surface having a pot or bowl shape, the dome portion of the target 
sur&ce has a predominate {111} orientation, whereas the sidewalls have a 
mixture of {112}<110> and {110}<110> orientations, for example. The 
differing orientations in the dome and sidewalls of the target surface have been 
found to emit sputtered materials at different angles from the respective dome 
and sidewall portions of the target surface. The differing angles of emissions 
affect the uniformity and density of depositions of the sputtered material on the 
substrate. 

[0010] The two-part orientation representation {hkl}<hkl>, is 

standard "sheet texture** notation, and has the following meaning. The first part, 
{hkl}, represents the miller indices of the crystallographic planes parallel witfi the 
sputter surface of the target. The second part, <hkl>, represents the indices for the 
crystallographic direction parallel with the material flow direction during 
forming. For the example of a 3D target with cylindrical sidewall geometry, a 
{112}<I10> sidewall orientation means the following. The {112} planes are 
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parallel wifli the inside surface of the cylmder and the <110> direction is parallel 
with the cylindrical axis. The shorthand notation **{112}/{110}" is used m this 
manuscript to represent a mixed {112}<1 10> and {1 10}<1 10> texture. 

[0011] As used herein, the term ^'predominate", when used to 

describe the texture of the sputter surface of the dome or end wall of the target 
means that the proportion of the specific {h,k,l} orientation to the total of all 
crystalline orientations is at least 120/N % in various random portions of the 
dome sputter surface. Here, N refers to tiie number of orientations included in the 
x-ray difi&action analysis. For example, with BCC tantalum, she orientations 
(N=fi) are measured ({110}, {200}, {211}, {310}, {222}. and {321}). The 
measured {200} and {222} diffiaction intensities represent the {100} and {111} 
orientations, respectively. For tantalum, a predominate {111} texture indicates an 
orientation percentage greater than 20%. When &e term "^ajor" is used to 
describe the preferred texture of the sputter side walls of the target this means 
that Ae proportion of combined {112} and {110} orientations to the total of all 
ciystalUne orientations is at least 200/N %, or 33%. Within fliis major 
{112}/{110} texture, the {112}<110> orientation is usualfy present in a slightly 
greater amount than the {1 10}<110> orientation. Measurement of all of these 
orientations can be made in accordance with conventional X-my difBraction 
protocols such as those reported in US Patent No. 5,456,815. 

[0012] After shaping by hydroforming, for example, the dome 

of the preferred tantalum target is comprised of predominate {111} orientations 
and the sidewalls are comprised of major {112}/{110} orientations. Tantalum has 
the BCC crystal structure for which <111> is the preferred emission direction. 
Thus, emissions from the dome tend to occur predominantly direcfly normal to 
the dome surface, whereas emissions from the sidewalls tend to occur at various 
non-normal angles from the side walls forming an annular atomic pattern across 
the barrel of the HCM. The sidewall emissions may occur at approximately 19,5 
degree angles relative to the target surface normal due to flie {112}<110> 
tantalum portions of the sidewall and at approximately 35.3 degree angles 
relative to normal due to the {110}<110> tantalum portions of the sidewall. As a 
result of the above-identified orientations, material sputtered from the cup-shaped 
target forms a more evenly distributed pattern when deposited on the substrate. 
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The {112}/{110} texture provides sidewall emission which avoids the axial 
center of the HCM, giving rise to the beneficial annular atomic density pattern. 
Other textures can be conceived which would, achieve the same result. For 
example, a tantalum {100}<100> orientation would be a good candidate. For 
other materials of different crystal structure, such as FCC aluminum and copper, 
or HCP titanium, different orientations can be chosen to avoid sidewall emission 
intercepting the cylindrical axis of the HCM. 

[0013] According to the various exemplary embodiments of the 

invention, the target sur&ce material, or adjacent maftmals where applicable, is 
manipulated into a desired non-planar shape, prefinably by hydroforming, or 
other metal working techniques. In the preferred embodiment of tbie invention, 
the desired target shape is a pot or bowl shape, aMiough the artisan should 
appreciate that other shapes can be used, particularly as hydroforming is 
conducive to forming even complex shapes. Little or no heat is required during 
or after shaping material so as to minimize the recrystallization of Hie sputter 
surface into midesirable orientations. Post-shaping annealing is tiierefore 
preferably not performed. 

[0014] In practice, according to a preferred method of forming a 

target according to the invention, a blank of material is placed over an annular 
platen of a hydroforming press. A tank having a bladder filled with hydraulic 
fluid is positioned in a housing above Hie blank. The bladder thus faces an upper 
surface of flie blank. A mandrel or punch shaped to form the blank is positioned 
below the platen. The housing is lowered to contact the bladder with the upper 
surface of the blank. Thereafter, the mandrel is urged upwards through the 
opening in flie annular platen and against a lower surface of the blank. As the 
mandrel continues to press upwards against the blank, the upper surface of the 
blank is uiged against the bladder. At the same time, the pressure in the bladder 
increases up to as much as about 10,000 psi. Thus, as the mandrel iirges the 
blank upwards, the pressurized bladder provides resistance until the blank is 
made to conform to the shape of the mandrel. Hiereafler, the mandrel and 
bladder are retracted, and the target removed from the mandrel No annealing is 
performed. 
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[0015] The preferred hydrofonnmg process according to the 

invention takes approximately 1.5 minutes, is performed at room temperature, 
and is readily repeatable to form a plurality of consistently shaped targets as 
desired. Because the process is performed at room temperature, heat induced 
crystaliographic orientation changes are minimized, or ideally eliminated 
Significantly, because no aimealing step is performed once the blank is formed 
into the desired shape, recrystallization or other orientation changes to the sputter 
surface are minimized, or ideally eliminated. 

[0016] These and other features and advantages of this invention 

are described in, or are apparent from, the following detailed description of 
various exemplary embodunents of flie systems and methods according to this 
inventiorL 

BRffiF DESCRTPTTON OF THE DRAWINGS 

[0017] Various exemplary embodiments of the systems and 

methods of this invention will be described in detail with reference to the 
following figures, wherein: 

[0018] Figure 1 illustrates an exemplary non-planar sputter 

target comprised of a single metallic material; 

[0019] Figure 1 A illustrates a diagrammatic cross-sectional view 

of vector emissions from sidewalk of a target according to the mvention; 

[0020] Figure 2 illustrates an exemplary non-planar sputter 

target comprised of a plurality of metallic layers; and 

[0021] Figure 3 illustrates a schematic diagram of a 

hyrdroforming press. 

DETAILED DESC RIPTION OF EXEMPLARY EMBODIMENTS 

[0022] Figures 1 and lA illustrate an exemplary non-planar 

sputter target 20 according to the invention. Figure 1, more specificaUy, shows a 
cup-shaped sputter target 20 having a substantially planar end wall, or dome 22, 
at a closed end of the target Sidewalk 24 are connected to the dome 22 and 
extend from the dome 22 to an open end of the target An inner surface of the 
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dome 22 and sidewalls 24 fonn the sputter sur&ce 25 of the target, wherem the 
dome portion has a Gist crystallographic orientation and the sidewalls have a 
second ciystallographic orientation different than the first The differing 
ciystallographic orientations in the sputter target surface promote more desirable 
deposition and density patterns of material sputtered firom the target surface onto 
a substrate, wherein material sputtered from the dome is emitted perpendicularly 
therefrom as shown by vector ci, and material sputtered from the sidewalls are 
emitted non-perpendicularly from the sidewalls as shown by vectors Pi, ftz in 
Figure lA such that the emissions form an annular pattom spaced from tiie 
central axis Z of the target. Based on preliminary observations, the cloud of 
atomic material for sputtering thus exists in a predominantly annular pattern with 
the annulus located proximate the sidewalls, spaced from tiie central axis of tiie 
cup. 

[0023] According to one exemplary embodiment of tiiie 

invention, a flat blank of a target sur&ce material is provided having an origmal, 
unaltered crystallographic orientation and is manipulated into a desired target 
shape by hydroforming, for example, or other metal working techniques. Tlie flat 
target surfrice material is preferably comprised of a higji purity metal selected 
from die group consisting of titanium, copper, tantalum and alloys thereof. Ta is 
most preferred. Altematively, a plurality of layers of matmals may be used to 
form the target, provided the desired crystallographic orientations over portions 
of the sputter target surface and target shape are achieved. 

[0024] Various embodiments of the invCTtion provide a flat 

blank of backing plate material adjacent the target surface material. Figure 2 
illustrates an exemplary embodiment of the sputter target according to the 
invention wherein at least two materials comprise flie inner sputtering surface and 
outer shell of the target assembly. As shown in Figure 2 using like reference 
numerals, the adjacent layers of materials are similarly manipulated or worked, 
preferably by hydroforming or other metal working techniques, to achieve the 
desired target shq>e and target surface orientations. Still olhw embodiments of 
the invention may comprise interlayers between the backing plate and target 
sur&ce layers. In any event, the backing plate material is prefierably a malleable. 
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low purity metal selected from the group consisting of aluminimi, copper, steel, 
titanium and alloys Aeieof. 

[0025] In a particularly preferred exemplary embodiment of the 

invention, fte flat target surface blank is comprised of tantalum. Working of the 
blank and the target sui&ce material, preferably by hydroforming into a desired 
shape alters the crystallographic orientation of portions of tfae tar^t sur&ce. In 
the case of a {111}/{100} tantalum blank used to form a target sur&ce having a 
pot or bowl sh^e in accordance witib flie invention, referring again to Figure 1, 
the dome portion 22 of the target surface 25 tends to maintain its original 
predominate{lll}/{100} orientations, whereas tiie sidewalls 24 may have a 
mixture of {112}/{110} orientations, for example. The proportion of the 
{1 12}/{110} orientations in the sidewalls is preferably at least 33% of fiie total of 
all crystalline orientations in the sidewall, thus constituting a major texture as 
defined herein. 

[0026] As a result of the predominate and major orientations in 

the dome and sidewalls, respectively, emissions from the dome tend to occur 
predominantly dhectly normal (vector o) to the dome surface. At the same time, 
emissions from the sidewalls tend to occur at approximately 19.S degree angles 
(vector pi) relative to tiie target sur&ce normal at the sidewalls due to the 
{1 12}<110> tantalum portions of the sidewall, and at approximately 3S.3 degree 
angles (vector Pa) relative to normal due to the {110}<1 10> tantalum portions of 
the sidewall. 

[0027] Accordmg to the invention, ttie target surface material, or 

adjacent materials where applicable, are manipulated, using a hydroforming 
press, into a desired non-planar shape. In tiie preferred embodiment of the 
invention, the desired target shape is a pot or bowl shape, althou^ the artisan 
should appreciate that other shapes are equally possible as hydroforming is 
particularly conducive to forming even complex shapes. Little or no heat is 
required when shaping material in a hydroforming process. As a result, planar 
portions (or unworked portions) of the target surface material tend to maintain 
their original crystallographic orientations. On the other hand, non-planar 
portions (or worked portions) of the target surface tend to deviate from their 
original crystallographic orientations. Hie minimization, or absence, of heat 
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when forming tbe non-planar sputter targets according to the invention differs 
from prior art sputter targets that rely on heating at different stages of the process 
to achieve the desired shape or crystallographic orientations of the sputter target 
surface. 

[0028] As shown in Figure 3» a blank 30 of material is placed 

over an annular platen 110 of a hydroforming press 100. A bladder 120 fiUed 
with hydraulic fluid is positioned in a housing above the blank. The bladder thus 
faces an upper sur&ce of the blank. A mandrel or punch 130 shaped to form tiie 
desired target contour is positioned below tiie platen. In practice, the housing is 
lowered to contEu^t the bladder with the upper sur&ce of the blank. Thereafter, 
tibie mandrel is urged upwards through the opening in the annular platen and 
against a lower surface of the blank. As the mandrel continues to press upwards 
against the blank, the upper surfiice of the blank is urged against the bladder. At 
Ifae same time, the pressure in the bladder in<mases up to as much as about 
10,000 psi. Hius, as the mandrel urges the blank upwards, the pressurized 
bladder provides resistance until tiie blank is made to conform to the shape of the 
mandrel. The mandrel and bladder are retmcted and the target is removed firom 
the hydroforming press, for example. Measurement of the crystallographic 
orientations in different sections of the sputter surface of the target may be made 
by X-ray diffraction. 

[0029] The entire hydroforming process according to the 

invention takes approximately l.S minutes and is performed at room temperature. 
Because the ^cess is performed at room tempemture, heat induced 
crystallographic orientation changes are minimized, or ideally eliminated. 
Significantly, no additional annealing step is required once the blank is formed 
into the desired shape according to the invention. Thus, further ciystallogmphic 
orientation changes are also miiiimized or idealfy avoided. Although the mandrel 
shown complies with a pot or bowl-shaped sputter target, the artisan will 
appreciate that many other shapes may be used as well by altering the mandrel 
accordingly, to produce non-planar sputter targpts according to the invention- 

[0030] Processes for producing cup or bowl shaped targets with 

the desired texture can be summarized as involving several steps. The first step is 
to produce at starting plate with {111 } {100} mixed fiber texture; more preferably 
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with a {111} percentage greater than 20%, A reciystallized equiaxed 
microstructure is preferred with a grain size < 100 |im. The second step is to 
form the plate into the bowl shape using spin-forming, hydroforming or deep 
drawing. This work must be done cold or at a temperature to prevent dynamic 
recrystallization. The amount of work needed to achieve the desired texture in 
the sidewall of the bowl is 35% deformation (preferably > 50%). A stress 
relievmg anneal can be included as the final step. The temperature must be low 
enoug}i to prevent recrystallization and the evolution of a {111} texture 
componrat in Ifae sidewall. 

[0031] Grain Structure: Tlie micro structure of the tantalum will 

have an equiax, fully recrystallized grain structure at the dome and a cold worked 
structure along the sidewalls. The planar blanks going into forming the NNS 
(near net sh£q)e) blanks are fully annealed prior to forming and not annealed post 
forming. 

[0032] Grain Size: The average gmin size will be < 150 microns 

at the sidewall and < 100 microns at the dome [ASTM El 12, Table 4, Mean 
Intercept] 

[0033] While this invention has been described in conjunction 

with the exemplary embodiments described above, it is evident that many 
alternatives, modifications and variations will be apparent to those skilled in the 
art Accordingly, the exemplary embodiments of the invention, as set forth 
above, are intended to be illustrative and not limiting. Various changes may be 
made without departing from tiie spuit and scope of the invention. 



